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1 Introduction
The revised WID on physical layer enhancements for NR URLLC for Rel-17 has the following objective [1]:
	4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


Furthermore, RAN4 received an LS from RAN1 with the following questions [2]:
	In order to evaluate the performance achievable by TA-based PDC in Rel-17, RAN1 identified the following questions that need feedback from RAN4: 
Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most. 
Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2), similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE) and related condition.
In addition, the following two addition points are for RAN4 information:
· Enhancements on Te and TA command indication granularity for propagation delay compensation may or may not have impact on normal TA related procedure, depending on which candidate option for TA-based PDC is adopted. 
· Whether RAN1 will introduce specification enhancements is still undetermined.   


In this contribution, we aim to provide discussion on the timing error for different use cases and we provide LS response to RAN1.
2 [bookmark: _Ref23587092]Timing synchronization requirement 
The clock synchronisation service performance requirements for 5G systems are given in Table 5.6.2-1 in [3], which defines the 5G system (5GS) synchronicity budget requirements for five services/use cases. The defined synchronicity budgets are the time error between the ingress and egress of the 5G system. Two use cases are agreed on in RAN1#102e meeting to be used as representative use cases, which are the control-to-control and the smart grid use cases. The 5GS synchronicity budget requirements for the respective two use cases are equal to 900 ns and 1000 ns. Also, it was agreed in RAN1#102e meeting that two Uu interfaces are involved for control-to-control scenario and one Uu interface is involved for smart grid scenario. Furthermore, in RAN2 LS [4], the agreed synchronicity budget per Uu interface is:
[bookmark: _Ref47480467]Table 1: Timing synchronization budget per Uu interface [4]
	Scenario
	Single Uu interface Budget

	Control-to-Control
	±145ns to ±275ns

	Smart Grid
	±795ns to ±845ns


Where the Uu interface time synchronization budget can be interpreted as the timing error between the UE and the gNB-distribution unit (gNB-DU) for 5G system.
Observation 1: [bookmark: _Ref79148056]The maximum timing synchronization error for a URLLC UE can be up to ±275ns and ±845ns for control-to-control and smart grid use cases, respectively.

3 Discussion on TA based method for propagation delay compensation
The existing method for propagation delay compensation (PDC) is the timing advanced (TA) based method. The error components that contributes to the total timing error are:
1. Timing error related to gNB, where this error consists of:
a. The time offset between the actual transmission and the assumed transmission.
b. The frame detection error at the gNB
2. Timing error related to UE: The UE timing error assumed for evaluation in the discussions of RAN1#102e and RAN1#103e meetings is equal to the requirement of the UE initial timing error, given by Te, and defined in Table 7.1.2-1 in TS 38.133 [5].
3. Indicating granularity error: Indicating the TA could cause additional timing error, which can be as large as half of the indicating granularity. The error calculated as:
a. .

3.1. UL timing (Te) error
Out of the three main components, only the Te error (Table 7.1.2-1 in [5]) is related to the RAN4 core requirements and hence we provide some views regarding that. The Te error consists of the following components: (i) timing error in baseband DL and UL reference signals and (ii) RF margin. The timing error of the DL reference signal depends on the signal bandwidth because this contributes to the minimum timing resolution, which is the inverse of the reference signal bandwidth multiplied by two (i.e. ). The UL subcarrier spacing affects the margin calculation as provided in [6] and also mentioned in chairman notes in [7]. The margin error upper bound is coming from the UL vs DL RF error and it is derived in [8]. Based on the previous references, we further illustrate the main timing error contributors in the existing Te table, as shown in the table below. 

	Frequency range
	SCS of SSB signals (KHz)
	SCS of uplink signals (KHz)
	Te
	Te, margin
	Te, DL,BW

	FR1
	15
	15
	12*64*Tc (12Ts)
	7.8*64*Tc
	4.2*64*Tc 

	
	
	30
	10*64*Tc (10Ts)
	5.8*64*Tc
	

	
	
	60
	10*64*Tc (10Ts)
	5.8*64*Tc
	

	
	30
	15
	8*64*Tc (8Ts)
	5.9*64*Tc
	2.1*64*Tc 

	
	
	30
	8*64*Tc (8Ts)
	5.9*64*Tc
	

	
	
	60
	7*64*Tc (7Ts)
	4.9*64*Tc
	

	FR2
	120
	60
	3.5*64*Tc (3.5Ts)
	2.97*64*Tc
	0.53*64*Tc 

	
	
	120
	3.5*64*Tc (3.5Ts)
	2.97*64*Tc
	

	
	240
	60
	3*64*Tc (3Ts)
	2.74*64*Tc
	0.26*64*Tc

	
	
	120
	3*64*Tc (3Ts)
	2.74*64*Tc
	

	Note 1:   Tc is the basic timing unit defined in TS 38.211


From the above table, we observe that the margin error has a major impact on the total timing error. In case, the Te requirements should be modified, hence the total margin error should be reused and highest margin error should be taken into account. Therefore, the Te error requirements for a variable BW can be given as:

From the timing error description we can see that if we aim to reduce the Te error then the BW of the DL reference signal should be increased. However, modifying the existing requirements can have a major impact on existing 5G NR UEs, hence we shall keep the existing Te table unchanged and if a new DL reference signal is proposed, then a new initial timing error (Te) table can be defined for the other reference signal. 
Observation 2: [bookmark: _Ref79148073]The bandwidth of the DL reference signal for TA based method is one of the main timing error contributor to the initial timing error (Te). Hence, it is almost impossible to modify the existing Te error without using a new DL reference signal with a higher bandwidth.
Observation 3: [bookmark: _Ref79148086]Modifying the existing initial timing error (Te) table can have major impact on the existing 5G NR UEs. 
Proposal 1: [bookmark: _Ref79148119]Support keeping the initial timing error (Te) table unchanged.
Furthermore, given that using higher BW for DL reference signal results in a lower timing error, hence for URLLC services the DL reference signal shall use higher subcarrier spacing and hence higher bandwidth. This way the timing error using TA based method can be minimized. 
Proposal 2: [bookmark: _Ref79148131]Support using higher subcarrier spacing for DL reference signal in TA based method for URLLC devices to ensure lower initial timing error (Te).
3.2. TA command indication granularity
TA command indication granularity is defined in TS 38.213 Clause 4.2 and it is given as 16*64*Tc/2, where its value depends on the used numerology. Besides, the TA command indication granularity is not part of the RRM requirements, therefore, it should be left to RAN1 to decide whether to modify it or not.
Proposal 3: [bookmark: _Ref85819492]TA command indication granularity enhancement shall be left to RAN1 because it is not part of the RRM requirements.

4 LS response to RAN1
Based on the discussions in the previous section, we propose to write the following LS response.
Proposal 4: [bookmark: _Ref85819507]RAN4 to respond to RAN1 as:
	1. Overall Description:
RAN4 would like to inform RAN1 about the RAN4 feedback for their TA-based propagation delay compensation questions.
· Answer to question 1: 
1. Part 1: No, it is not feasible to support smaller value than the current Te assuming the existing conditions in TS 38.133 for Te requirement.  
2. Part 2: Yes, Te value can be reduced if the DL BW signal is larger than the BW of SSB signal.
3. Part 3: RAN1 can use the following formula to find the enhanced Te for different BW:

· Answer to question 2: whether it is feasible to enhance TA command indication granularity should be left to RAN1 because it is defined in TS 38.213 and it is not part of the RAN4 defined requirements.
2. To RAN WG1 group. 
ACTION: RAN4 kindly ask RAN1 take above information in to consideration.




5 Summary
In this paper, we provide our view about the UE transmit timing error. We have the following observations. 
Observation 1: The maximum timing synchronization error for a URLLC UE can be up to ±275ns and ±845ns for control-to-control and smart grid use cases, respectively.
Observation 2: The bandwidth of the DL reference signal for TA based method is one of the main timing error contributor to the initial timing error (Te). Hence, it is almost impossible to modify the existing Te error without using a new DL reference signal with a higher bandwidth.
Observation 3: Modifying the existing initial timing error (Te) table can have major impact on the existing 5G NR UEs.

Also, we have the following proposals: 
Proposal 1: Support keeping the initial timing error (Te) table unchanged.
Proposal 2: Support using higher subcarrier spacing for DL reference signal in TA based method for URLLC devices to ensure lower initial timing error (Te).
Proposal 3: TA command indication granularity enhancement shall be left to RAN1 because it is not part of the RRM requirements.
Proposal 4: RAN4 to respond to RAN1 as:
	1. Overall Description:
RAN4 would like to inform RAN1 about the RAN4 feedback for their TA-based propagation delay compensation questions.
· Answer to question 1: 
1. Part 1: No, it is not feasible to support smaller value than the current Te assuming the existing conditions in TS 38.133 for Te requirement.  
2. Part 2: Yes, Te value can be reduced if the DL BW signal is larger than the BW of SSB signal.
3. Part 3: RAN1 can use the following formula to find the enhanced Te for different BW:

· Answer to question 2: whether it is feasible to enhance TA command indication granularity should be left to RAN1 because it is defined in TS 38.213 and it is not part of the RAN4 defined requirements.
2. To RAN WG1 group. 
ACTION: RAN4 kindly ask RAN1 take above information in to consideration.
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